transcription regulator ToxR, is proposed to be an ancestral gene of the Vibrionaceae family (Lee et al., 2000; Lin et al., 1993; Osorio and Klose, 2000; Reich and Schoolnik, 1994; Welch and Bartlett, 1998) . PCR methods targeting toxR sequence variations have been utilized for the detection and isolation of Vibrio species (Kim et al., 1999; Vuddhakul et al., 2000) . We have developed in our previous studies toxR-targeted PCR primers specific for the detection of Vibrio harveyi from different geographic regions (Conejero and Hedreyda, 2003) . We have also used PCR primers based on toxR sequences of type strain Vibrio campbellii for its specific detection (San Luis and Hedreyda, 2005) .
Vibrio strains pathogenic to shrimps, isolated from several provinces of the Philippines, were reported to belong either to V. harveyi or V. campbellii (de la Peña et al., 2001) . Results of a recent study by Cortado et al. (2004) , revealed, however, that these Philippine Vibrio isolates could not be detected by PCR using toxR-targerted primers designed on the basis of toxR sequences of the type strains V. harveyi (NBRC 15634 T ) and V. campbellii (NBRC 15631 T ). These results suggest significant sequence variation in toxR of the Philippine Vibrio isolates within the target primer annealing site which was confirmed in this study by toxR gene sequence analysis.
This study describes the isolation and sequence analysis of partial toxR gene homologues from ten Philippine Vibrio isolates pathogenic to Penaeus monodon, in order to compare sequences with one another as well as compare partial toxR of the Philippine isolates with type strains V. campbellii (NBRC 15631 T ) and V. harveyi (NBRC 15634 T ). Furthermore, based on the toxR gene sequences of the ten Philippine Vibrio isolates, PCR primers for specific detection of the Vibrio shrimp pathogens similar to the Philippine Vibrio isolates used in this study were designed.
Materials and Methods
Bacterial isolates or strains. Vibrio isolates from several provinces of the Philippines, presumptively identified as V. harveyi and as V. campbellii based on biochemical tests (de la Peña et al., 2001) , were used in this study. Classification of these putative strains of V. harveyi and V. campbellii is the subject of a separate molecular study because species identity of these isolates could not be obtained with certainty using 16S rRNA gene sequence data. These Philippine Vibrio isolates were found to be pathogenic to black tiger prawn Penaeus monodon (de la Peña et al., 2001 
Results

Cloning and sequence analysis of toxR gene homologues from Philippine Vibrio isolates
Putative toxR fragments from Philippine Vibrio isolates PN-9801 and SW-9702 were obtained through PCR amplification with degenerate primers and subsequent DNA cloning. The cloned PCR products from both isolates were sequenced, resulting in 575 bp nucleotide sequences (Fig. 1) . Partial toxR gene homologues from 8 other Philippine Vibrio isolates were obtained using forward VctoxR2F (5Ј-ACG ACT CAA GCT TAA CTC AAG-3Ј) and reverse VctoxR2R (5Ј-ATG ACT TCG ACT GGT GAA GAT-3Ј) primers (San Luis and Hedreyda, 2005) targeting a 537-bp gene amplicon (Fig. 1) . Nucleotide sequences from all ten Philippine Vibrio isolates (Fig. 2) 
Amplification of toxR fragment from Philippine Vibrio isolates
Oligonucleotide primers (Table 2 ) designed to amplify a 226-bp toxR fragment from Philippine isolates PN-9801 and SW-9702 were useful in detecting the Annealing sites of the primers VctoxR2F and VctoxR2R for amplifying 537-bp toxR fragment of the Vibrio isolates are shown to bind at positions 20-40 and 557-537, respectively. Gaps are depicted by dashes. same fragment in all the other Philippine Vibrio isolates tested (Fig. 3) . The 226-bp fragment was not detected in V. harveyi NBRC 15634 T or V. campbellii NBRC 15631 T (Fig. 4) . Optimal conditions of amplification of the toxR gene fragment (226-bp) of the Philippine Vibrio isolates were established: denaturation at 94°C for 1 min, annealing at 57°C for 1 min, and extension at 72°C for 1 min.
Specificity of primers in amplifying the toxR fragment of Philippine Vibrio isolates
Primers amplifying the 226-bp toxR fragment in the Philippine Vibrio isolates were evaluated for specificity in detecting Philippine Vibrio isolates by using templates from other non-target Vibrio species, other nonVibrio bacteria, and P. monodon (Figs. 4 and 5) . The expected amplicon was observed only in PCR using templates from Vibrio isolate PN-9801 and not in PCR using templates from other non-target bacteria and shrimp P. monodon. Distinct non-specific amplicons were observed in V. proteolyticus and E. coli, but their molecular sizes (approximately 450-bp and 700-bp, respectively; Fig. 5 ) are different from the expected PCR product. 2005 Partial toxR in Philippine Vibrio isolates 349 
Discussion
de la Peña et al. (2001) reported ten Philippine Vibrio isolates associated with vibriosis in penaeid shrimps that belong to either Vibrio harveyi or Vibrio campbellii. Surprisingly, some of the isolates classified as V. campbellii were unexpectedly observed to be luminous, a characteristic associated with V. harveyi. Furthermore, primers designed to amplify toxR fragment of various V. harveyi strains (including type strain NBRC 15634) and the type strain of V. campbellii, could not detect any of these Philippine Vibrio isolates. As expected, the partial toxR sequences of all ten Philippine Vibrio isolates display high sequence similarity (97-100%) among themselves but the nucleotide sequences confirmed the hypothesis that significant sequence variation between Philippine Vibrio isolates and type strains V. harveyi and V. campbellii exists. Molecular data suggest that based on the toxR sequences, all the Philippine Vibrio isolates used in this study appear to be more closely related to type strain Vibrio campbellii (with 92-93% sequence similarity) than type strain Vibrio harveyi (with a significantly lower sequence similarity of only 74-75%). Based on previous reports (de la Peña et al., 2001) and in this study, identification of ten Philippine isolates still requires confirmation. These isolates were found to be closely related to Vibrio parahaemolyticus, Vibrio harveyi, and Vibrio campbellii in terms of 16S rDNA sequences (96-99% similarity), and V. harveyi or V. campbellii based on biochemical tests. Moreover, there is also confusing identification based on luminosity. Since the luminous characteristic, biochemical tests, and 16S rDNA sequence analysis have poor reliability in identification of Vibrio spp. (Kita-Tsukamoto et al., 1993; West et al., 1986) , in general, proper species designation of these Philippine Vibrio isolates requires further studies. The use of toxR as one of the gene markers for more accurate identification and classification of Vibrios may be explored.
The primers designed to amplify toxR gene of the Philippine Vibrio isolates used in this study are also expected to be useful in detecting shrimp pathogens exhibiting similar characteristics to these ten Philippine Vibrio isolates. Further studies need to be performed to determine if gene sequences targeted by the detection primers that are specific for the shrimp pathogens used in this study could serve as markers for distinguishing shrimp pathogens in general.
Isolation of partial toxR genes from the Philippine Vibrio isolates further confirms that toxR is an ancestral gene of the Vibrionaceae family. Furthermore, sequence variations in the toxR genes of these isolates could be a source of markers for detection of Vibro species in general. The toxR-targeted PCR presented herein could be useful in detecting Vibrio spp. associated with shrimp disease in actual environmental samples such as the rearing-water and post larval stocks in Philippine shrimp farms. This rapid detection procedure may facilitate disease management and surveillance in the disease-threatened local shrimp industry. 
